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ABSTRACT

In Project GNOME, a 5-KT rmuclesr device was detonated at the end of
8 335-m-long buttonhooked and self-sealing tunnel excavated at a 366.m
depth in a salt formation in New Mexico. The primary purposes of the
project were to explore (a) the feasibility of recovering, and converting
for electric-power generation, energy from heat reservoirs formed under-
ground by nuclear cxplosions, and (b) the practicability of recovering
radioigsotopes for peaceful uses., The U. S. Army Engineer Waterways Ex-
periment Station furnished drilling consultant services, and performed core
testing and grouting operations in connection with Project GNOME. The
latter included (a) performing physical tests and petrographic examina
tions on salt cores from the project site; (b) designing grout mixtures,
to match physical properties of the salt, for use in grouting instruments
in place and in connection with installing underground structural appurte-
nances; and (c) drilling and grouting at the site to embed scientific ine
struments and in connection with structural work within the tunnel.



PREFACE

The laboratory work performed by the U, S, Army Engineer Waterways
Experiment Station (WES) in connection with Project GNOME was accomplished
during the years 1959.1961. The field work was conducted during October-
December 1961. The work was performed fbr the U, S. Atomic Energy Commis-
sion under the direction and coordination of the University of California
Lawrence Radiation Laboratory. This report covers only the WES laboratory
studies, drilling consultant services, and field grouting phases of the
project. Other phases will be reported by the responsible participating
agencies.

It is desired to acknowledge the excellent cooperation, logistic sup-
port, and assistance furnished WES by the organizations and personnel
participating in the Project GNOME tests. Among these organlzations were:
U, 8. Atomic Energy Commission, University of California lawrence Radiation
laboratory, Holmes and Narver, Inc., Sandia Corporation, Stanford Research
Institute, and Reynolds Electrical and Engineering Co., Inc.

The WES phase of the overall project was performed under the super-
vision of Messrs. J. M. Polatty, Arthur L. Mathews, William O. Tynes,
Rembert L. Curry, Ernest E. McCoy, and Ralph A. Bendinelli, and Mrs.
Katharine Mather. This report.was prepared by Messrs. Polatty and
Bendinelli,

Col. Edmund H. Lang, CE, and Col. Alex G. Sutton, Jr., CE, were
Directors, Mr. J. B, Tiffany, Technical Director, Mr. We Jo Turnbull,
Chief of the Soils Division, and Mr. T. B. Kennedy, Chief of the Concrete
Division of the WES during the course of the Project GNOME tests and the

preparation and publication of this report.

111



ABSTRACT
PRH‘ACE ] L] . [} [} L] L] [} [ ]

CHAPTER 1 INTRODUCTION o s o o ¢ » o o s o o o o
l.l obJectiveB L L ] L L] * L] L] ° L L] L) [ ) [ [ ] L]
1.2 Background . « . C e e e e e s e e
l.3 Scope of WES Participation in Project GN

C}{APTm 2 GROUT MMJRE L] L[] [ ] L J . [ ] [ ] [ [ L ] [ ] [ ]
2.1 Design Criteria ¢ 90 8 & @ 0 ¢ o + 6 o @
2.2 Materials and Iaboratory Mixtures . . .
2.3 Physical Tests of Iaboratory Mixtures .
2.4 Mixtures Proportioned at Project Site .

CHAPTER 3 FIELD DRILLING ¢ ¢ ¢ o ¢ « o o o o o o
3¢l SCOPE ¢ ¢ ¢ ¢ ¢ o o 0 0 0 0 0 0 4 s o 0
3'2 Drillins muiment . L[] L o [ ] ] [ ] [ ) L] [ ] [
3-3 .Drilling Procedure « o« o o ¢ ¢ ¢ o o ¢ o

'CHAPTER 4 FIELD GROUTING ¢ « ¢ o ¢ o o o o o o o
hol Equipment' ¢ 6 6 6 o € o 0 0 o o & & o 0
4,2 Tunnel Grouting « « o e o o o o o o + o
h 3 Surface Holes ¢ o o o o o ¢ o .

4.4 Physical Tests of Field Grout 8pecimens

CHAPTER 5 DISCUSSION AND CONCLUSIONS . .
501 Drilling ¢ o ¢ o o 0 0 o & & o o
502 Grouting ¢ o @ o o o 0 o o o o @

TABLES 1-3

APPENDIX A PHYSICAL PROPERTIES OF CORE SPECIMENS

A.1 Purpose
A.2 BScope

A.3 Tests Performed
A4

TABLE Al

Petrographic Examination . .

.
.
.
[}

OME

] - [ ] [ ) L J

L] L ] - L 3 -* [ - L ] - - ® L) -

iii

VOOV I\t w ok =

Al
Al
Al
Al
A2



PROJECT GNOME

DESIGN, 'TESTING, AND FIELD PUMPING OF GROUT MIXTURES

CHAPTER 1
INTRODUCTION

l.1 OBJECTIVES
- In Project GNOME, a part of the U. S. Atomic Energy Commission's
_ PLOWSHARE Program, & 5-KT nuclear device was detonated at the end of a
< 335-m-long buttonhooked and self-sealing tunnel excavated at a 366.m depth
in a salt formation located epproximately 51 km southeast of Carlsbad, New
Mexico (ceec fig. 1). The objectives of Project GNOME were to:
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Fig. 1. Location of Project GNOME site

& Determine’the feasibility of recovering, and converting for the
generation of electric power, energy from heat reservoirs formed under=

ground as the result of nuclear explosions.
b. Distinguish the characteristics of underground nuclear explosives

1
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detonated in a salt formatlon from thouc detonuted in other types of
formatlions.

c. Study the practicabllity of recovering useful rodioisotopes for
peaceful applications.

de Develop improved nuclear cxplosive devlices for peaccful purposes
onlye.

e« Obtaln neutron measurcmentc which wlll generally increase the

~ knowledge thereof for use in future nuclear programs.

1.2 BACKGROUND

Prior to the Project GNOME tests, the U, S. Army Engincer Wuterways
Experiment Station (WES) was requested to develop a speclal grout mixture
that would, when hardened, match the in-situ physical characteristics of
selected solt core specimens obtalned from the test site. In addition, the
grout mixtﬁre was to be pumpable, shrinkage-resistant, and have adequate
bond-to-salt strength. WES had successfully developed a similar grout mixe
ture for the Project COWBOY tests conducted in the Winn Salt Dome located
near Winnfield, Louisiana. '

A leboratory investigation indicated that such a grout could be de-
veloped possessing the desired physical propertles. This grout was to be

. used for embedding sclentific instruments in holes drilled from within the
tunnel in the salt dome and from the surface. WES was also requested to
develop a variety of grout mixtures with various characteristics for use
in structural work and for other miscellaneous purposes.

For Project COWBOY, WES had drilled vertlical, horilzontal, and sloping
holes of various lengths and diameters in the salt, with rigid tolerance
requirements in regard to diameter, length, direction, and location of the
termini of the holes. Considerable modification of commercially available
drilling equipment and the development and fabrication of new equipment by
WES were necessary to obtain the capabilities required to accomplish the
varied and extensive drilling. Since the drilling requirements for GNOME
were to be comparable to those for COWBOY, WES wos requested to provide a
drilling consultant for the GNOME drilling to be performed wlthin the tun-

nel and to furnish the modified or newly developed equipment used for
COWBOY for accomplishing this drilling.



1,3 SOOPE OF WES PARTICIPATION IN
PROJECT GNOME

The Concrete and Soils Divisions of WES were responsible for and
furnished the following laboratory and field support for the project:

' g. Performed physical tests on salt cores obtained from an explora-
tory hole and a recovery hole drilled at the site; cores and test results
are described in Appendix A.

| b. Developed in the laboratory (1) a grout mixture matching the in-
'situ physical characteristics of the salt, (2) a mixture having high
compressive strength and shear resistance for use in underground struc-
tural work, and (3) a grout mixture for stemming postshot recovery holes.

&+ Provided a drilling consultant at the jobsite in connection with
the drilling of line-of-sight and instrument holes in the tunnel area.

d. Pumped the laboratory-developed grout mixtures at the site, in-
cluding pumping grout into drilled holes for the purpose of embedding
scientific instruments placed therein and for stemming postshot recnvery
holes. Seven instrument holes and two recovery holes, ranging from 12.7
to 30.5 cm in diameter and from 183 to 366 m deep, were grouted from the
surface. In the tunnel a total of 25 horizontal and vertical instrument
holes ranging from T.62 to 30.48 cm in diameter and from a few to 41.15 m
inxlength were grouted. WES also proportioned grout mixtures on the job
for special uses as follows: (1) Grouted in place anmlus areas of sec-
tions of a neutron pipe having outside diameters ranging from 55.88 to
Tl.12 cm; the neutron pipe passed through two horizontal holes, 9l.44 cm
in diameter and 9.14k and 24.38 m in length, forming the annuli which were
grouted. (2) In addition, grouting was conducted for: a concrete-block
Plug, a steel bulkhead, two blast-door frames, a plug for the bottom of a
365.76-m-deep, 30.48-cm-diameter cable hole, a series of cable trenches
and cable conduits, and for forming a grout collar for a neutron pipe gate.

Overall layout of the underground instrument holes, neutron pipe

holes, and the configuration of the tunnel are shown in fig. 2.



- Kl
3 2 -
L 3 :
o 8 r & -
83 b o
4 I 2
" o e
W [ "
»
»~
at
+
— oo O A
REFERENCE LINE
$ 49°4a'33 6% W
HOLE 17
HOLE t8 £ -
¥
LS
~
;9 °
- . %3 N
: -
2 K g g 8 ° i
8 R~ ® w F [
= ] 2R [} o 2 : :
- ~ b - o <4
. 2 ~ Y9 8 NN
? ] "]
v " e 2 3
- - +| ¢ * *| O 4 .
~ ~ - w1l
]
+
XS

HOLE 13

ZERO WPO +00

-—HOLE 11
NOYR:
HOLE 16

HOLE ?

FIGURES IN PARENTHESES
INDICATE LOCATIONS OF
STATIONS MEASURED (N
METERS.



CHAPTER 2
GROUT MIXTURES

2.1 DESIGN CRITERIA

. A grout mixture was required that would match as nearly as possible
cértain physical properties of the salt formation in which scienvific in-
struments were to te embedded in drilled holes by means of grouting. De-
sign requirements were based on the results of physicel tests performed on

salﬁ’core specimens 1 through 4 which were obtained from recovery hole 1

(See Appendix A). The physical properties determined on these specimens
were selected for design criteria rather than the physical properties de-
termined on the specimens obtained from exploratory hole 1l because the
specimens from recovery hole 1 were more representative of the area of the
salt formation in which the majority of the embedded instrumentation was to be
placed. The @rincipal physical properties to be matched are given in table
Al of Appendix A, an nltrasonic pulse velocity of approximately 3979 m per
sec and a density of 2130 kg per cu m. ;
The second requirement was for a high-compressive-strength and shear-
resistant grout for use in grouting in connection with the installation of
structural appurtenances within the tunnel.

LA third requirement was to develop a drillable grout for steuming
postshot recovery holes that extended from the ground surface either into
or in the immediate area of the device chamber.

The series of grout mixtures designed in the laboratory to meet these ,
requirements are described in the following paragraphs. : ;

2.2 MATERTAIS AND LABORATORY MIXTURES
The following materials were used in the proportioning studies for
developing the various grout mixtures required for the project:

Specific Unit Weight (Solid) |

Material Gravity cu m Absorption
Portland cement, Type III 3.15 3143.76 ——-
Portland cement, Type II 3.15 3143ﬂ76 -

(Contimed)
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Specific Unit Weight (Solid)

Material Gravity cu m Abgsorption, i
Silica sand, natural¥ 2.61 2604 ,85 0.9
Bentonite, natural swelling 2.20 2195.79 ——-
Salt, fine¥¥ 2.25 2245,68 -——-
Aluminum powdert - ——- ———

* Silica sand sieve analysis: Sleve Opening, mm Accumlative % Passing

L.76 99
2.38 96
1.19 90
0.59 T7
0.297 4s
0.149 6
0,07k 5

** Fine salt was used for bringing water to saturated brine condition.
t Atomized gramular; 94% passing No. 325 (sieve opening 0.O44 mm) U. S.
Standard Sieve. ‘

The féllowing three grout mixtures were proportioned in the laboratory

to meet the three requirements previously described in paragraph 2.1:

Proportions for a l-Bag Batch

Material Solid Volume, cu m Dry Batch Weights, kg (SSD)*

Mixture 1, Instrument Grout, Surface and Tunnel Holes
Cement, Type II 0.0136 42,6k
.Salt, fine 0.0040 9.03
Sand, silica 0.0310 81.65
Water 0.0256 25.58
Alumimum powder Negligible (6.0 g)

Mixture 2, Underground Structural Work
Cement, Type II 0.0136 ho,64
Salt, fine 0.0030 6.80
Sand, silica 0.0209 54 .43
Water 0.0214 21.32
Aluminum powder Negligible (k.0 g)
Mixture 3, Postshot Recovery Holes

Cement, Type II 0.0136 L2,64
Bentonite, natural swelling 0.0029 6.40
Sand, silica 0.0207 54,43
Water 0.0470 46.90
Aluminum powder Negligible (7.0 g)

* (SSD) = saturated, surface-dry weights.
\\

) 77;\
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2.3 PHYSICAL TESTS OF LABORATORY
MIXIURES

Speclmens of grout mixtures 1 through 3 were tested at 28 days age

to determine thelr physical properties. - Results were ac follows:

Mixture No.
Test 1 2 3

Compressive strength, kg/sq cm 4.2 b42,9  147.6

Unit weight (hardened), kg/cu m 2119.45 2180.32 1786.23

Ultrasonic pulse velocity, m/sec 3603 3755 -

Shear strength, kg/sq cm, static 28.8 35.1 ---
loading (approx)

2.4 MIXTURES PROPORTIONED AT
PROJECT SITE

In addition to the mixtures developed in the laboratory, grout mix-
tures 4 through 8 were proportioned at the jobsite by WES to meet im-
mediate Jjob requirements. Mixture 9, a high-density grout containing
nickel powder, was proportioned by personnel of the University of
California Lawrence Radiation Laboratory and pumped by WES at the Jjobsite.

Proportions for a l-Bag Batch

Material Solid Volume,cu m Dry Batch Weights, kg (SSD)
: Mixture 4, IRL Hole 3, Hole from Surface¥
Cement, Type III 0.0136 42,64
Bentonite, natural swelling 0.0008 1.72
Water 0.0390 38.92
Aluminum powder Negligible (10.0 g)
Mixture 5, Structural Appurtenances in Tunnel
Cement, Type III 0.0136 L2.64
Salt, fine _ 0.0030 6.80
Water 0.0246 2k .5k
Aluminum powder Negligible (3.0 g)
Mixture 6, Surface and Tunnel Instrument Holes**
Cement, Type II 0.0136 42,64
Salt, fine 0.0040 9.03
Water 0.0256 25.58
Aluminum powder Negligible (5.0 g)

(Continued)

* This mixture was essentially the same mixture used for embedding instru-
ments in a 234.70-m-deep, 30.5-cm-diameter hole drilled from the surface
in connection with a nonmuclear shot conducted for Project Pre-Gnome.

**  This mixture requested by users for various types of instrumentation.
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Proportions for o l-Bag Batch

Material Solid Volume,cu m Dry Batch Weights, kg (88D)
Mixture 7, IRL Hole 1, Grout Plugt
Cement, Type III 0.0136 L2.64
Sand, silica 0.0209 s5k.43
Salt, fine 0.0038 8.4k
Water 0.0227 22.68
Aluminum powder Negligible (5.0 g)
Mixture 8, Sandia Instrument Cable Trenches Tunnel
Cement, Type III 0.0136 Lo.64
Sand, silice 0.0209 54.43
Salt, fine 0.0030 6.80
Water 0.0195 ' 14.92
Aluminmum powder Negligible (40.0 g)

Mixture 9, ILRL Nickel Powder Mixturett

This mixture consisted of portland cement, nickel
powder, silica sand, and water, proportions unknown.

+ Mixture used for key plugging the bottom 3.05 m of the IRL 1 cable hole
which terminated in the ceiling of an alcove in the immediate vicinity
of the device chamber. .

tt IRL mixture pumped by WES and used by LRL for grouting close-in
instrumentation.



CHAPTER 3
FIELD DRILLING

3.1 SCOPE

Drilling in the tunnel consisted of a number of horizontsl 7.6-cm-,
12.7-cm-, 15.2-cm-, 19.4k-cm-, and 30.5-cm-diameter holes of depths varying
from 3.05 to 41.15 m, one 9l-cm-diameter hole 24+38 m deep, and one 9l-cm-
diamepcr hole 9.14 m deep, The dimensions of all holes drilled in the
tunnei are given in table 1. A WES representative was at the Jobsite dur-

- ing the drilling to provide consultant services.

3.2 DRILLING EQUIPMENT
The following items of drilling equipment which had been used suc-
cessfully for the Project COWBOY drilling were used for Project GNOME:

Quantity Item

1 Bit, carboloy set, 3-wing type, 20.3-cm diam, pilot
2 Bits, carboloy set, 3-wing type, 12.7-cm diam, pilot
3 Guides, 20.,3-cm diam

1 Flight auger, 12.7-cm diam, 8.53 m long

1 Bit, Hawthorne, 20.3-cm diam with a 12.7-cm bullnose
1 Bit, Hawthorne, 20.3-cm diam with 20.3-cm reamer

1 set Blades, 20.3-cm diam, Hawthorne (extra)
3.
1
1
1

Elbows with packers and salt dust collector bags
Bit, 30.5-cm diam, Hawthorne
Core barrel, 9l-cm diam (special)

lot Inserts, carboloy

3.3 DRILLING PROCEDURE

The drilling of the 9l-cm-diameter holes was accomplished using a 9l-
cm-diameter by 9l-cm-long core barrel with a 12, 7-cm-diameter pilot ex-
tending longitudinally through the center of the barrel and 61 cm Beyond
the barrel cutting edge. This core barrel was designed and fabricated by
WES. A lE.T-cm-diametér pilot hole was drilled in the center of each of
the proposed 9l-cm-diameter holes and used as a guide for the 9l-cm core
barrel. Drilling operations on the smaller borings (7.6- to 30.5-cm
diameters) were accomplished using combinations of the eqqipment listed

in paragraph 3.2.
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CHAPTER U
FLELD GROUTING

.1 BQUIPMENT

The following major ltems of groutlng cqulpment were uced in curfuce
and/or subsurface grouting opcrutions:

Two Wagner stcam simplex pwnps, alr operated.

One Gardner-Denver duplex pump, alr operated.

One 0.227-cu-m-capaclty, tub-type grout mixer, alr opcerated.

Two 0.142-cu-m-capacity, tub-type grout mixers, alr operated.

Two 3+823-cu-m-capacity, concrete ready-mix trucks.

Plastic grout injection hoses, 1.905 aund 2.540 em in inside diamcter

(ID).

4.2 TUNNEL GROUTING

To grout the vertical, sloping, and horizontal holes containing in-
strumentc and located in the tun-
nel, ecither onc or two grout
mixers were used with one simplex
pump, the latter cquipped with
1.905-cm- or 2.540-cm~ID injec-
tion hoses (fig. 3). All instru-
ment grouting was done at a slow
rate of pumping. The injection
hoses were withdrawn from the
holes ac the grout filled the
holes, or were left in the hole
during grout injection, depending
on the type, number, and location
of the instruments in the holes.
Fig. 4 shows instrument cables
and grout injection hose in place
in a horizontal tunnel hole im-
mediately prior to grouting.

Line-of-sight holes 1 and 2
through which the neutron pipe

Fig. 3. Mixers and pump set up for
tunnel grouting passed were grouted from the top



]
Fig. 4. Horizontal instrument hole Fige 5. Forming, grout collar for

prepared for grouting in tunnel neutron pipe gate

section of the hole using 2.540-cm-ID injection hoses with tag lines at-
tached to the hose to permit grout injection at random locations in the
annulus formed between the outside of the neutron pipe and the walls of
these 9l-cm-dlameter holes.

As a packer to retain the grout in horizontal holes and for sealing
forming for grout pumped for blast-door frames, cable trenches, a steel
bulkhead, instrument cable conduits, a concrete-block plug, and for a
neutron gate grout collar, a quick-set cement "dry pack' was used. Fig. 5
shows "dry packing" performed to seal form for containing grout collar for

ncutron pipe gate.

4.3 SURFACE HOLES
To grbut instrument and postshot recovery holes, onec or two ready-mix
concrete trucks were used. The grouting materials were batched and mixed
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ut the site no necded depending on the volume of grout required. In the
casc of holes requiring smaller volumes of grout, the 0.227-cu-m-capacity
'Agrout mixer was employed. The Gardner-Denver duplex pwnp was used to per.
form all the grouting for both the instrument and rccovery holes, which
were all vertical holes drilled from the surface. Injection hoses 2.540

cm in inside dlameter were used to perform this grouting. 'he hoses were
withdrawn from the recovery holes as the grout injection progressed; in the |
case of the instrument holes, the hoses were left in place following simul.
taneous introduction with the instrument string into the holes. Loss |
circulation left uncorrected by the drilling contractor was encountered in |
IRL 3 during instrument grouting. This condition was corrected by WES by
stage grouting and introducing lintermittent sand plugs as the grouting

progressed.

L.4L PHYSICAL TESTS OF FIELD
GROUT SPECIMENS

The following physical properties of specimens cast at the jobsite
from mixtures 1 through 8 were determined on the device-detonation date.
No data could be obtained for mixture 9 because insufficient grout re-
mained after grouting was completed to cast specimens.

Compressive Ultrasonic Unit Weight
Strength Pulse Velocity (Hardened)

Mixture _kg/sq cm m/sec kag/cu m
h 345.7 3643 2119.4
2 409.3 - ———
3 90.3 -- ===
L 143.3 3003 1872.7
5 280.3 ' - ————
6 184.8 27hk* 179k (2%
7 287,14 - e
8 L77.1 - ————

* Approximate value; faulty specimens unsuitable
for testing.



CHAPTER 5
DISCUSSION AND CONCLUSIONS

5e1 - DRILLING
:  As a result of the drilling techniques and equipment developed by WES
~ for Project COWBOY, only minor difficulties which were considered normal
vere encountered during the drilling operations for Project GNOME.

5.2 GROUTING
In spite of all-but-inaccessible areas, crowded working conditions,

need for haste, and general hindering activity, it is believed that all the
varied grouting performed from the surface and within the tunnel met speci-
fications. A greater variety of grout mixtures was pumped for Project

GNOME than heretofore for other similar projects.
Tables 1, 2, and 3 give information on tunnel and surface holes, and

tunnel structural appurtenances. Also listed in these tables are the mix-

tures used to perform the grouting for these items.



W~ Table 1

Tunnel Holcs

User Hole No. Length, m Diameter, cm Mixture No.
IRL 1 24 .38 91.k4 2
IRL 2 9,14 91.h4 2
IRL 3 31,09 7.6 6
LRL 4 31,09 19.4 N
IRL 5 8.53 30.5 1
IRL 6 11.58 15.2 9% and 1
'IRL T 11.28 15.2 9% and 1
* IRL 8 28,65 19.k4 6
LRL 9 32.92 19.4 1
LRL 10 33.53 19.4 1
IRL 11 33.53 19.k4 1
Sandia 12 41,15 19.4 1
Sandis 13 38.10 19.4 1
Sandia 1L 41,15 19.4 1
Sandia 15 40,54 19.h 1
Sandia 16 40.23 19.4 1
Sandie 17 39.93 19.k4 1
Sandia 18 39.93 19.4 1
Sandia 19 17.98 7.6 1
Sandia 20 3.05 7.6 1
Sandia 21 3.66 7.6 1
Sandia 22 3.66 7.6 1
Sandie 23 2k ,99 7.6 1
Sandia 24 20.k2 7.6 1
IRL 25 21,64 12.7 1

-%  Instrument embedded with mixture 9; remainder of hole stemmed with
mixture l. '

Table 2
Surface Holes

User Hole No. Length, m Diameter, cm Mixture NO.
IRL SR.2 359.66 30.5 3
IRL 8R-3 228,60 4.3 3
IRL IRL-1 365.76 30.5 T*
8C 8C-2 320.0k4 30.5 1
8C : SC-3 365.76 20.3 1
SRI BRI-1 365,76 12.7 6
SRI 8RI-2 365,76 12.7 6
8RI BRI-3 365,76 12,7 6
SRI , SRIk 365.76 12.7 6

* This hole was stemmed above the Plug with graded Ottawa
within approximately 121,9 m of the surface. sand by WES to



Table 3
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Grouting, Structural Apggrtenancesl Tunnel

access tunnel

7.62-cm-diameter cable hole
for neutron pipe gate

Mixture
Appurtenances No. Remarks
Vertical cable trenches 8 Trenches extended from entrances
‘ - of instrument holes down tunnel
wall faces to tunnel floor.
| Sandia horizontal holes
IRL-1 hole key-plug T In roof of alcove located in ime
mediate vicinity of sta 1+00
Blast-door frame 5 Main blast door, sta 9400
Concrete-block plug 5 Approximate location between
. sta 8400 and 9+00. Mixture
used for bonding blocks to
tunnel walls
Steel bulkhead for concrete- 5 Steel beam bulkhead located at
~ block pluy sta 9400
Grout collar, neutron pipe gate 2 Approximate location sta 8+45
Cable conduits 5 Conduits through mein blast door
approximate location sta 9+50
Blast.door frame for personnel 5 Adjacent to line-of-sight

hole 2

Location vicinity sta 8+47



APPENDIX A
PHYSICAL PROPERTIES OF CORE SPECIMENS

~A.l PURPOSE

P i
v PR
Ry

Tests on salt cores were conducted to rrovide informatlon on the :
thysical characteristics of the salt formation in the Project GNOME arca 1
for the various agencies participating in the project.

4.2 SCOPE |

Eleven S.4-cm- and four ll.4-cm-diameter cores obtained from the AEC
exploratory hole 1 and from recovery hole 1 were brought to the WES
laboratory and tested as described in the following paragraph.

A.3 TESTS PERFORMED

The following tests were performed on the eleven S.l-cm and on three
of the 1ll.4-cm cores obtained from the project site using principally test
methods given in the Handbook for Concrete and Cement.*

a. Density; test method CRD-C 23.

b. Ultrasonic pulse velocity, determined by the time of transmission
of pulse wave through length of specimen; test method CRD-C 51 (soniscope)

g+ Dynamic modulus of elasticity, calculated from weight of specimen
and longitudinal frequency; method CRD-C 18.

d. Dynamic modulus of elasticity, calculated from weight of specimen
and transverse frequency; method CRD-CIIB.

€. Sonic veloclity, calculated from transverse frequency (method
CRD-C 18) and length of specimen.

£. Poisson's ratio, Jones's method, calculated from b and ¢ above.

Specimens were tested in "as received" condition and/or were inun-
dated for U8 + L hr and tested in saturated, surface-dry condition. Re-

sults of the tests are presented in table AlL. The cores were identified
as follows:

\\;“‘:ﬁzifhed by the Waterways Experiment Station in August 1949,



- f Serial Nos

Descrilptilion

5.4acm
5eltacm
5.4-cm
5.4-cm
5.4acm
5.4acm
5eb-cm
5elt-cm
S4mcm

Seli-cem

cncnc:c>§>c>cic>c>c>

Qo> Q>

P e e e L Vo
NN N2 N N e
x b

—~
to

[o»]
] 1
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Seltecm

1l.4-cm
1l.b4-cm
1ll.4-cm
1l.bacm

*
x

&

-]
| ol sl sl
NN
S S N e’

salt core

slltstone core
slltstone core
siltstone core
siltstone core
claystone core
anhydrite-salt core
anhydrite-salt core
anhydrite-salt core
polyhalite core

polyhalite core

salt core
salt core
polyhalite core
salt core

17

Hole Depth, m

398.7-399.0
0

63.7- 6k,
53.6- 52.9
62.8- 63.1
64 .0- 64.3
172.2-172.5
98.1~- 98.6

127.7-128.0
136.2-136.6
U. S. Potash Co.,
hole depth unknown
U. S. Potash Co.,
hole depth unknown
See fig. Al
See fig. Al
See fig. Al
See fig. Al

* Polyhalite NX core was unobtainable from AEC exploratory hole l.
Two cores considered representative of area polyhalite were obtained
from U. S. Potash Co., Carlsbad, New Mexico.

**  Only petrographic examination was conducted on this core.

A.L PETROGRAPHIC EXAMINATION

In addition to the physical tests, a petrographic examination was per-

formed on the four core specimens obtained from recovery hole l. The

results of this examination are given in fig. Al.

éﬁs
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DEPTH M

81.1)

361 .19

361.49

ey

T

r

pC 4

A A A

PC 3

-

1

TOP VIKW

CORE WAS PARTIALLY
SAWED AND THEN
BROKEN IN HALVES

SOME CORE APPEARED
TO HE MISSING

COMPOYITION ODENSE HEDDISIH NOCK SALT
IMALITE) COLOMED BY 8179 OF POLYMALITE
ROCK DISSEMINATED THAOUGH THE CORE
THERE 15 6 08- TO 7 62-CM-THICK BED OF RED .
POLYHALITE IN MECE 3 ITS COLON 15 DUE TO
FINELY DIVIOEZD IRON OXIOK )

TEXTURE ANKEDRAL SALT ORAINS UP 7O
2880 CM IN MAXIMUM DIMENSION MOSY GRAINS
AREZ 0638 TO 1 270 CM  THE POLYHNALITE IS
DENSE AND VERY FINE GRAINED

STAUCTURE HORIZONTAL BEODING 15 IN~
DICATEZD 8Y THE HALITE-POLYRALITE
CONTACT

REMARKS POLYMALITE {K,C0,MQ($0,1, 2H,0!
IS COMMONLY ASSOCIATED WiTr ROCK SALT IN
THE NEW MEXICO AREA THE MINERAL HAS A
HARDNESS OF 3.1 2 AND A SPECIFIC ORAVITY
OF 278. IT DECOMPOSES IN WATER AND
GYPSUM IS FORMED.

LEGENO

CLEAN BREAK WITH
HACKLY SURFACKS

SMOOTH BREAK, CORE
ENDOS ROTATHEOD
ROCK SALT (HMALITE)

OENSE RED ROCK
(POLYHALITE)

G

NOTE: 80.01-CM LENGTH OF 10.80-CM-DIAMETER CORE CUT DOWN THE CENTER,

Fig. Al.

Petrographic examination of recovery hole 1l cores
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TECHNICAL REPORTS SCHEDULED FFOR ISSUANCE
BY AGENCIES PARTICIPATING IN PROJECT GNOME

~

AGENCY REPORT NO.
LRL PNE-101
LRL 102
ORNL 103
LRL 104
LRL 105
LRL 106
LRL 107
sC 108
SRI 109
USC&GS 110
SRI 111
LRL 112
LRL 113
LASL 114
EG&G 115
WES 116
USWB 126
H&N, INC 127

AEC REPORTS

SUBJECT OR TITLE ;

Power Studies

Jsotopes Program

Design of Sequenced Gas Sampling Apparatus
Close-In Shock Studies

Stress Measurements with Piezoelectric Crystals
Post-Shot Temperature and Radiation Studies
Geologic Studies of the Tunnel and Shaft

Particle Motion near a Nuclear Detonation in Halite

Earth Deformation from a Nuclear Detonation inr
Salt

Seismic Measurements from a Nuclear Detonation
in Halite

Intermediate-Range Earth Motion Measurements
An Investigation of Possible Chemical Reactions

and Phase Transitions Caused by a Nuclear Explosiv
Shock Wave

Resonance Neutron Activation Measurements

Symmetry of Fission in UZ35 at Individual Resonanct

Timing and Firing
Design, Test and Field Pumping of Grout Mixtures

l:"reliminary Report of Weather and Surface Radia-
tion Prediction Activities for Project Gnome;
Final Analysis of Weather and Radiation Data

Pre-Shot and Post-Shot Structure Survey



SENCY REPORT NO.

m
B, INC

21

SUBJECT OR TITLE

PNE- 128 Summary of Predictions and Comparison with
Observed Effects of Gnome on Public Safety
129 Monitoring Vibrations at the US Borax and
Chemical Company Potash Refinery
130 Hydrologic and Geologic Studies
131 Federal Aviation Agency Airspace Closure
132 Off-Site Radiological Safety Report
133 On-Site Radiological Safety Report
134 Pre and Post-Shot Mine Examination
Beg ta
e//a
O/a o
O:O_}/
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ABBREVIATIONS FOR TECHNICAL AGENCIES

ARA
EG&G

ERDL

- GeoTech
LASL

LRL
SC
SGC
SRI1
STL

TI
USC&GS

UsGSs
WES

FAA
H&N, Inc.
RFB, Inc.
REECo
USBM
USPHS
USWB

Allied Rescarch Associates Inc. , Boston

Edgerton, Germeshausen, and Grier, Inc.,
Boston, Las Vegas, and Santa Barbara

USA C of E Engineer Rescarch and Develop-
mant Laburatories, Ft. Belvoir

The Geotechnical Corporation, Garland

Los Alamos Scientific L.aboratories, Los
Alamos

Lawrence Radiation Laboratory, Livermore
Sandia Corporation, Albuquerque
Space-General Corpuration, Glendale
Stanford Research Institute, Menlo Park

Space Technology Laboratories, Inc.,
Redondo Beach

Texas Instruments, Inc., Dallas

Coast and Geodetic Survey, Washington, D. C.
and Las Vegas

Geological Survey, Denver

USA C of E Waterways Experiment Station,
Jackson

Federal Aviation Agency, Salt Lake City
Holmes and Narver, Inc., Los Angeles

R. F. Beers, Inc., Alexandria

Reynolds Electrical and Engineering Co., Las Veg@

U. S, Bureau of Mines, Washington, D. C.
U. S. Public Health Service, Las Vegas
U. S. Weather Bureau, Las Vegas



; AGENCY

L Ridge National Laboratory
lon Carbide Nuclear Company
{O. Box X.

Ridge, Tennessee

TN: J. W. Landry

dia Corporation

dia Dase

0.. Box 5800
buquerque, New Mexico

TTN: W. R. Weart

anford Research Institute
.. O. Box 725
enlo_ Park, California

TTN: R. B. Hoy

tanford Research Institute
. O. Box 725
enlo Park, California

TTN: L. M. Swift

. S. Coast and Geodetic Survey
Washington 25, D. C,

{ATTN: Mr. W. V. Mickey

i
U. S. Coast and Geodetic Survey

Washington 25, D. C.
ATTN: Dr. Dean S. Carder

U. S. Coast and Geodetic Survey
Washington 25, D. C.

ATTN: Mr. L. M. Muiphy

Los Alamos Scientific Laboratory
P. O. Box 1663
Los Alamos, New Mexico

ATTN: G. A. Cowan

Edgerton, Germeshausen & Grier, Inc.
¢ 160 Brookline Avenue

; Boston 15, Massachusetts
" ATTN: Mr. F. 1. Strabala
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U s Army Engineer Waterways Experiment Station

‘Corps of Engineers
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Shell Development Co.
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U. S. Atomic Energy Commission
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University of California
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Department of Defense
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Advanced Research Projects Agency
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ACENCY

Chief
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Defense Atomic Support Agency
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Field Command, Defense Atomic Support Agency
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Space Technology Laboratories, Inc.
Ramo-Wooldridge Corporation

P. O. Box 95001
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Federal Center
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Las Vegas, Nevada
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777 Flower Street
Glendale 1, California
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Director

Mine Detection Branch

Engineer Research & Development Laboratories
Fort Belvoir, Virginia
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Texas Instruments, Inc.
Geosciences Division
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Dallas 35, Texas

ATTN: Mr. Hubert M. Rackets

The Geotechnical Corporation
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U. S. Coast & Geodetic Survey
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Aberdeen Proving Ground

Albuquerque Operations Office

Argonne National Laboratory

Army Engineer Division, South Pacific
Atomic Energy Commission (Enghish)
AEC Scientific Representative, France
Atomic Energy Commission, Washington
Atomic Envrgy of Canada Limited
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Dattelle Memorial Institute

Rrookhaven National Laboratory
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Purcay of Mines, Washington
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Caracgie Institution
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Johns Hopkins University (Wolman)
Knolls Atomic Power Laboratory

Los Alamos Scientific Laboratory
Lovelace Clinle

Lowry Alr Force Dase

Moran, Proctor, Mueser & Rutledge
Mound Laboratory

National Academy of Sclences (Bascom)
Naval Radiological Defensce Laboratory
Oak Rudge Institute of Nuclear Studies

No. Copics

e e e ve s sm e DD e rs st s me e s e e s e he e e s s 2 ot ek e 0 ) da L) e e = e N D

Office of Naval WRencareh (Code 422)

Office of the Chief of Engineers

Patent Branch, Washington

Phitlips Pctroleam Company (NRTS)
Public Health Service

RAND Corparation

San Francisco Operations Office

Sandia Corporation, Albuquerque

Sandia Corporation, Livermore

Space Technology Laboratories, Inc,
Strategic Alr Command

Tennessce Valley Authority

Union Carbide Nuclear Company (ORGD )
Union Carbide Nuclear Company (ORNL)
USAF Headquarters (AFTAC)

U. S. Coast and Geodetie Survey, San Francisco
U. 8. Coast and Geodetic Survey, Washington
U. 8. Geological Survey, Albuquerque

U. S. Geological Survey, Denver

U. 8. Geological Survey, Menlo Park

U. S. Geological Survey (Nolan)

U. S. Geological Survey, Washington

U. S. Geological Survey, WR Division

U. S. Weather Burcau, Las Vegas

U. §. Weather Burcau, Washington
University of California, Berkeley
University of California (Libby)

University of Califorma, Livermore
University of Califurnia, Los Angeles
University of California, Los Angeles (Larson)
University of Rochester (Hempelmann)
University of Tennessee (UTA)

University of Washington

University of Washington (Fleming)

White Sands Missile Range

Yale University (Scars)

Division of Technical Information Extenxion
Office of Technical Services, Washinglon

Mmwvmwuwnrmnmmnn

No. Ce

---a—-—-”—&-o”-——-—-‘-—Nu-—-—--‘--—-o--‘-u-‘-"“ b =

328
100



